e have studied 58 patients with pain from osteoporotic vertebral fractures which did not respond to conservative treatment. These were 53 women and five men with a mean age of 72.5 years. They received a nerve-root injection with lidocaine, bupivicaine and DepoMedrol. The mean follow-up period was 13.5 months.
Vertebral fracture is a common complication of osteoporosis and causes significant disability. Although most fractures heal within a few weeks or months, some do not respond to conservative treatment. Surgery is usually not indicated unless there is a neurological deficit or gross deformity. 1, 2 Vertebroplasty by the percutaneous injection of polymethylmethacrylate (PMMA) into the vertebral bodies has been proposed for the augmentation of osteoporotic vertebral bodies. The technique is easy to do and gives immedi-W ate good mechanical results. 3, 4 Significant relief from pain is obtained in most patients. The potential complications of this technique include cell death caused by the high polymerisation temperature of PMMA, differences in mechanical strength of the injected compared with the adjacent vertebral bodies, and leakage of PMMA into adjacent structures. Moreover, the long-term biocompatibility of PMMA is jeopardised by its presence as a permanent implant. Vertebroplasty has an important place in the treatment of osteoporotic vertebral fractures but there are many patients who require a less invasive method.
The epidural injection of steroids is a popular method of treatment for lumbar radiculopathy, [5] [6] [7] [8] [9] but injections at the thoracic or thoracolumbar levels may be associated with neurological complications. Nerve-root injections offer an alternative form of treatment. Since Macnab 10 described the technique in 1971, numerous authors have reported its effect on radicular pain. [10] [11] [12] [13] [14] [15] Krempen and Smith 11 coined the term 'selective nerve root injection' which various investigators have used diagnostically or to predict the outcome of surgery. Recently, Riew et al 15 have described the therapeutic efficacy of nerve-root injections in a prospective study of patients with radiculopathy secondary to herniation of an intervertebral disc or spinal stenosis. To our knowledge, however, there has been no previous clinical study evaluating its efficacy in the management of radicular pain secondary to vertebral fractures.
Patients and Methods
Between October 1998 and October 2000, all 66 patients who presented with osteoporotic vertebral fractures and radicular pain which did not respond to conservative treatment were included in the study (Fig. 1) . The exclusion criteria were axial pain without radicular pain, a progressive neurological deficit, a motor deficit, and a history of an adverse reaction to corticosteroids or local anaesthetic agents and follow-up of less than one year. All the patients who were included had completed a course of conservative treatment. Patients with acute fractures in whom the symptoms had been present for less than two weeks were treated by bed rest for three days followed by bracing for four weeks. Those with chronic fractures were treated by intermittent bracing. Analgesics consisting of oral non-steroidal anti-inflammatory drugs and acetaminophen were administered to both groups. Conservative treatment was considered to have failed when severe pain continued despite treatment for two weeks or when the pain did not improve after treatment for more than four weeks.
Eight patients were lost to follow-up, leaving 58 in the study. They were 53 women and five men, with a mean age of 72.5 years (65 to 82). Nine patients had another painful vertebral fracture and thus the number of fractures was 67. The 12th thoracic vertebra was the most commonly involved (28 fractures), followed by the first lumbar (23), the 11th thoracic (8) and the second lumbar (4). There was one each in the sixth, eighth, ninth, and tenth thoracic vertebrae. Of the 58 patients 42 had chronic and 16 acute fractures. Of the nine patients with another painful vertebral fracture, six already had two chronic painful fractured vertebrae at the time of presentation, and in three patients the second fracture occurred during the follow-up period.
Method of injection.
The procedure was carried out with the aid of an image intensifier. The patient was placed in the prone position and the back prepared in the usual manner. In order to localise the site of entry, the tip of a sterile haemostat was placed at the point of intersection between the lateral margin of the lamina and the inferior margin of the transverse process (Fig. 2) . The site of entry was marked with indelible ink and the skin infiltrated with 1% lidocaine. A 20-gauge, 13 cm spinal needle was inserted under fluoroscopic guidance into the selected intervertebral foramen. The patient usually experienced a sharp stab of radiating pain when the nerve root was found. Once it had been determined that this pain reproduced the symptoms, a mixture of 0.5 ml of 2% lidocaine, 0.5 ml of 0.5% bupivicaine and 40 mg (1ml) of DepoMedrol was injected.
For the patients with two lesions or whose radiating pain was bilateral, all injections were done at the same time, with a maximum of four being carried out simultaneously. For more than three injections, the total amount of DepoMedrol was adjusted in order not to exceed 100 mg. The procedure was repeated at two-week intervals to a maximum of three or until there was symptomatic improvement. Follow-up observation and evaluation. One of the authors (YHY), who was not involved in their management, examined the patients before treatment, at one and six months after the last injection and at the final follow-up. At each examination, the patients were asked to record their daily pain on a scale of 0 to 100, with 0 being no pain and 100 being intolerable pain. Final follow-up evaluations were carried out at a mean of 14 months (12 to 19) after the last injection. At the final follow-up, the result was graded using the modified criteria of Kim and Kim 16 (Table I) . We stratified the data further to compare the results for patients with acute and those with chronic fractures.
Results
Changes in pain scales. Before treatment, the mean pain score was 85 ± 6.7 (70 to 90), 84.0 in the acute group and 85.5 in the chronic group. The mean score after one month was 24 ± 10.6 (10 to 45), with a decrease of about 60.1. The mean score for patients with chronic fractures was 21.3 ± 9.3 and for those with acute fractures 32.2 ± 9.7. The improvement was greater in patients with chronic fractures (p < 0.05). The mean score six months after treatment was 14.1 ± 3.5 (10 to 21) with no significant difference between chronic and acute fractures (14.3 and 13.4, respectively). At the final follow-up, the mean score was 17.4 ± 7.5 (5 to 35), a slight increase from that at six months, but with an improvement of about 67.6 compared with the score before treatment. The mean score for chronic fractures was 18.3 ± 7.5 and for acute fractures 15.7 ± 7.9. There was no significant difference in the mean scores between the two groups at the final follow-up. Clinical results. The results at final follow-up were excellent in three patients, good in 41 and fair in 14 (Table II) . The three with excellent results all had chronic fractures. Of the 14 patients with fair results, 11 had chronic fractures.
Number of injections.
A total of 14 patients had one injection, 30 had two (18 at the same time and 12 separately), seven had three injections in two treatments, five had four injections in two treatments, one had six injections in three treatments and one had eight injections in two treatments.
Complications. There were no complications directly related to treatment. Three patients developed a new compression fracture at an additional level during the follow-up period. The new fracture was at a proximal level in all three patients and it was at an adjacent level in two of them. Pain experienced at the site of the new fracture was usually distinct from the original pain. It was difficult to recognise a newly developed fracture of the upper thoracic spine. For instance, a 71-year-old man who had a fracture of the eighth thoracic vertebra was improving after nerve-root injections, but about three months after treatment the pain recurred. He received another nerve-root injection at the same level, without improvement. MRI showed a new fracture of the sixth thoracic vertebra (Fig. 3) . The symptoms improved after a nerve root injection at this level.
Discussion
Riew et al 15 carried out a prospective study on the therapeutic efficacy of nerve-root injections for patients with radicular pain caused by herniation of a disc or spinal stenosis. They found that the injections were effective in obviating the need for an operation in more than half of the patients in whom surgery had been proposed. Our study on patients with fractures also shows varying degrees of symptomatic improvement with 44 patients (75.9%) achieving excellent or good results. This is an acceptable outcome, bearing in mind that the mean age of the patients was 72.5 years. We divided the patients into those with chronic and those with acute fractures and found that the former had a greater improvement in the pain score one month after treatment but that there was no significant difference at final followup. There was greater overall improvement in patients with acute fractures. They had higher pain scores after one month, but better results at the final follow-up. We suggest that this is due to the residual effect of the axial pain which is caused by acute fractures.
When undertaking nerve-root injection for fractures it is important to avoid injecting too much steroid. If two vertebrae are fractured and there is bilateral radiating pain the procedure involves four injections using 40 mg of DepoMedrol per injection giving a total dose of 160 mg. We did not exceed a total dose of 100 mg of DepoMedrol in one session even when more than three injections were required. Patients received up to three injections with an interval of two weeks between treatments.
There were no complications directly related to the treatment. Three patients, however, developed a new compression fracture at another level. Fractures in adjacent vertebrae may occur after vertebroplasty because of local biomechanical changes. The pain from a new fracture can usually be differentiated from the original pain. It was sometimes difficult to recognise the newly developed fracture in patients with an upper thoracic lesion. This study was, however, limited to patients with radicular pain. Several also complained of axial pain and there was some improvement in this after nerve-root injection.
In conclusion we have shown that nerve-root injections are effective in the treatment of pain resulting from osteoporotic vertebral fractures. This treatment should be considered for patients who have refractory pain from vertebral fractures before consideration is given to percutaneous vertebroplasty or operative intervention.
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